INAFIIASF institutes, was born some years ago with the aim to develop a national capability to produce CZT detectors starting from the material growth to the final detection device.
Some important features of these detectors (pulse height, energy resolution, photopeak efficiency) are affected by the charge collection efficiency: the low mobility of the charge carriers (particularly the holes) and trapping/detrapping phenomena can degrade the CdTe/CZT detectors response, depending on the distance between the charge formation position and the collecting electrodes.
Several efforts have been made to improve the detection efficiency as well as the energy resolution, using both the optimization of the electrode geometry (drift strip technique, coplanar-grid, small pixel effect) and pulse height compensation methods to overcome the hole trapping problem.
We have studied a bi-parametric method that uses a twin pulse shaping active filter to analyze the same signal: one slow, which is proportional to the energy of the photon, and one fast, which depends on the position of the interaction with respect to the collecting electrode. 
I. INTRODUCTION
C dZnTe is a semiconductor material with a high atomic number and high density well suited for realizing efficient and compact room temperature hard-X and y-ray detectors covering the energy range from a few keV to the MeV region. The fields of application of these detectors are various, such as astrophysics, nuclear medicine and material safeguards.
The spectroscopic performance in terms of energy resolution depends strongly on the detector geometry and on the quality of the semiconductor material: the detector capacitance and the leakage current produced at room temperature by the sensor contribute to the total noise of the system. The trapping centers in the semiconductor, in addition to these factors, produce a loss in charge collection efficiency because of the low mobility of the charge carriers (particularly the holes) degrading the CdZnTe detectors' response as it depends on the distance between the charge formation position and the collecting electrodes.
The deterioration of the spectroscopic performances can be reduced by both using hardware (HW) and software (SW) techniques. The bi-parametric method described is based on a hybrid HW and SW technique utilizing a double pulse shaping active filter in order to analyze the detector signals. Using this method we can have an indirect measurement of the interaction position of an incident photon in the detector sensitive volume.
An Italian collaboration, involving the CNRlIMEM and the INAF /IASF institutes, was born some years ago (2005) with the aim to develop a national capability to produce CZT detectors starting from the material growth to the final detection device.
We present the bi-parametric distributions obtained with the application of this technique on CdZnTe detectors grown by the standard vertical Bridgman method by CNRlIMEM as a function of the shaping time pair values, for different primary photon energies and bias voltages. The detector performances have been evaluated at several energies with calibration radioactive sources and the charge transport properties have been studied by mobility-lifetime product measurements.
II. TWIN SHAPING TIME METHOD
The twin shaping time method is a particular case of the rise time technique based on the correlation between the rise time of a signal from detector and the deficit in its pulse height due to incomplete charge collection.
The signal from the charge sensitive preamplifier is shaped by two parallel amplifiers with different shaping time constants: one fast and one slow. The "slow" component of the signal represents the integrated charge collected at the detector anode which is proportional to the total energy of the incident X-ray, while the "fast" value mainly depends on the position of the event with respect to the collecting electrode. The off-line analysis of both signal components will permit the recovery of information on the loss of the charge inside the crystal and so allow a reconstruction of the energy of the primary photon. Therefore the ratio between the two signals 978-1-4673-0120-6/111$26.00 ©20 11 IEEE(R = VFas/VSIOI.) is an indirect measurement of the interaction position between the collecting electrodes [1, 2].
The Fig. 1 shows the relationship obtained using the theory of shaping amplifier with differentiator and integrator filters with the same time constant {'to = 'tl). We have assumed an inter-electrodic distance of 3 mm and a charge mobility of 1060 cm 2 IVs for electrons and 70 cm 2 IVs for the holes. The cathode is connected to the ground while the pulses from the anode are sent to a charge sensitive preamplifier (eV-5093), through a decoupling capacitor. The analogue post processing is performed with standard NIM instrumentation. A National Instruments PXI-5122 Digitizer is used to perform the 14 bit A-to-D conversion of each amplitude pair and a dedicated LABVIEW procedure is used both to control the acquisition and to handle the data collection by means of a graphics user interface (see Fig. 3 ).
III. EXPERIMENTAL SET-UP
The tested detector is a CdZnTe single crystal (CNRlIMEM) with sputtered platinum contacts, of size 5 mm x 5 mm x 2.75 mm and grown by the Vertical Bridgman technique. This detector was glued with silver paste on a lexan support and bonded with Au wire of 25 11m to the electrodes [3] , as we can see in Fig. 4. ( .... __ (If) ,"'00
. "" ". The characterization of the detector was carried out by irradiating through the cathode with different calibration sources. The acquired spectra are illustrated in Fig. 6 , while the electron mobility-lifetime product measurement is displayed in Fig. 7 . The (fl't)e is (2.6 ± 0.2) 10-3 cm 2 IV. Energy (keV) The values of the energy resolution (FWHM) calculated at � 22.1, 59.54, 88 and 122 are reported in Table 1 .
We have recorded a spectrum with a I33 Ba source, shown in Fig. 8 . We can see the main lines at � 31 keY, 81 keY and 356 keY. 
V. BI-PARAMETRIC DISTRIBUTION
The data collected with the experimental set-up shown in Fig. 2 are used to fill a two-dimensional map in which the horizontal axis reports the slow signals while the vertical axis represents the fast/slow ratios (R = V Fa5tIV Slow) ,
The comparison of the bi-parametric distributions obtained with 57 CO and I37 CS at 300 V is shown in Fig. 9 . In the 57 CO map it is possible to distinguish the peak at 14 keY in the low energy region, the long vertical structure on the left at low slow values, and the peaks at 122 keY and 136 keY, the two edge structures on the right, while in the map acquired with I37 CS the photopeak structure at 662 keY and the Compton edge are well distinguished. In Fig. lOwe show the spectrum obtained in the best spectroscopic region, that near to the cathode and in Fig. 11 the maps acquired by illuminating with I37 CS at 500 V. 
VI. WORK IN PROGRESS
The data analysis is in progress in order to obtain the corrected spectra and compare the results with those achieved by detectors of different quality grades.
